Background: Atrial fibrillation with tissue ablation device through bipolar radiofrequency in conjunction with cardiac surgery has proven to be an effective method to treat this arrhythmia.
Introduction
The tissue ablation by bipolar radiofrequency has been established as an effective methods for treatment of atrial fibrillation (AF) during cardiac surgery 1 . Although the CoxMaze III surgerywith cutting and suturing technique delivers excellent short and long term results 2 both in reversion for sinus rhythm and in preventing thromboembolic events 3 , its complexity and demand for a longer surgery discouraged many surgeons to use it routinely. In our environment, the feasibility and effectiveness of the Cox Maze III have been demonstrated by Kalil et al 4 and Canale et al 5 . Aiming to simplify the procedure, several alternative forms of energy for tissue ablation resulting in bidirectional electrical conduction block were studied to recreate the original lesions of the Cox-Maze III 1 . The bipolar radiofrequency device Atricure™ enables the creation of fast and safe tissue lesions covering the entire atrial wall thickness 6 . The purpose of this paper is to describe the initial experience of the Instituto Nacional de Cardiologia (INC) in treating atrial fibrillation during cardiac surgery with tissue ablation device by bipolar radiofrequency Atricure® and clinical evaluation and 24-hour ambulatory Holter one year postoperatively (PO).
Methods and patients
Between January 2008 and March 2009, 47 patients referred for cardiac surgery and atrial fibrillation associated underwent, with the main procedure, AF ablation with tissue ablation device by bipolar radiofrequency (RFB) Atricure™. This is one of the alternative energy options available in the Brazilian market.
RFB ablation uses alternating power current to heat the tissue, creating thermal lesion and resulting conduction block line 7 . The electrodes are located in the jaws of the instrument that consists in a a forceps, and each lesion should be made three times to ensure that the lesion is transmural 8 . The theoretical advantages over the unipolar RF include increased security on the dispersion of energy, creating continuous lesions and ability to assess whether the lesion has reached the entire thickness of the atrial wall through the feedback system of the forceps console 6, 7 .
It is a retrospective observational study with evaluation of patients, records and complementary tests, whose variables of interest investigated are in accordance with the guidelines on research of patients undergoing surgical treatment of atrial fibrillation 9 . The following variables were evaluated: age, type of AF, AF time reported prior to surgery, prior ablative procedures, presence of pacemaker (PM), cardiac diagnostic motivating indication for surgery, left atrial size, left ventricular ejection fraction, surgical procedure performed, set of lesions for AF treatment performed.
Patients were followed postoperatively with outpatient visits scheduled for one, three, 6 and 12 months after the operation. In these visits, patients were evaluated by an non-blind expert for the treatment of AF on the use of medications, cardiac rhythm, thromboembolic events, any percutaneous ablations performed postoperatively and reoperations. Three-channel Holter monitoring was requested from 04 months and was also assessed by a non-blind expert for the treatment of AF. The failure criterion used is of any therapeutic tachyarrhythmia with total length greater than 30 s in 24 h.
The study was evaluated and approved on February 02, 2010 by the Research Ethics Committee of the INC under number 0257.
Patients' characteristics
Out of the 47 patients, 36 were women (76%) and average age is 53.7 ± 10.6 years. The average reported AF time was 34.6 months (three to 192 months). The type of AF presented was: paroxysmal: 08; persistent: 05; and permanent: 34 ( Figure 1 ). The left atrium had an average size of 54 ± 10.7 mm and left ventricular ejection fraction (LVEF) was: 58.6% ± 13.4%. Two patients had previous pacemaker, and none had been submitted to previous ablation of any arrhythmia. Three patients had a history of cerebrovascular accident. The event observed was related to AF in three patients. At surgery, one patient showed complete resolution of neurological sequelae and two remained with motor and speaking skills. See Table 1 .
Most primary indications that have led these patients to surgical intervention were related to valve disease (81%). See Figure 2 .
Description of lines of lesions for AF ablation 1) Isolation of pulmonary veins -Pulmonary vein isolation was performed by involving the right and left pulmonary veins in pairs epicardially (passing one of the electrodes of the ablation device beyond and the other below the pulmonary veins) during cardiac decompression with cardiopulmonary bypass, and therefore, with the patient heparinized, with the convexity of the device facing the left atrium in order to spare the pulmonary vein ostia. Before the main cardiac procedure, at least three periods of energy are applied until the buzzer of the occurrence of transmural lesion at the same point.
2) Left atrial connection lines -
The connection lines between the pairs of the right and left pulmonary veins were made after opening the left atrium by placing one of the electrodes outside the LA posterior wall (epicardium) and another through inside (endocardium) such that the ablation lines, performed prior to the isolation of the pulmonary veins, were connected above and/or under. This procedure was performed during the primary cardiac procedure.
3) Connection line to the mitral annulus -The line connecting the mitral annulus was not performed with bipolar radiofrequency forceps due to anatomical impossibility. It was performed by employing the cutting and suturing technique, connecting the mitral valve annulus to the isolation line of the right inferior pulmonary vein.
4) Cavotricuspid line -
The cavo-tricuspid line was made with the RFB forceps involving free wall of right atrium, after it was opened, in order to connect the atriotomy line to the tricuspid annulus posterior to the coronary sinus ostium venosum.
The choice of the number of lesions for the ablation as well as the handling of the left atrial appendage was at the discretion of each surgeon.
Statistical analysis
The comparison of continuous variables was performed with Student's t test and categorical variables were compared with Fisher's exact test. The results were 
Results
There were 04 perioperative deaths and three during one-year follow-up. The causes of perioperative deaths were: two deaths from cardiogenic shock after atrioventricular disjunction, two deaths from septic shock. The two cases of atrioventricular disjunction were diagnosed in the operating room and in both, bovine pericardium was used for the suture of the junction, without success, though.
This surgical accident was not associated with surgical ablation since the lesion lines, in both cases, were performed away from the mitral annulus. The causes of late deaths were: one patient died at home (without a clear definition, PO: three months), a coumarin accident (PO: 04 months), one reoperation for mitral valve endocarditis (PO: 08 months). The coumarin accident was diagnosed in patients undergoing implantation of a mechanical valved tube and using anticoagulation with coumarin. The patient came to the hospital with an INR of 10, cardiogenic shock and images of bleeding around the aortic tube in chest computed tomography (CT). There was a history of chest trauma from falling to the ground a few days before. Despite an attempt to correct coagulopathy before emergency surgery with blood transfusion, the patient died of refractory cardiogenic shock.
Out of the 40 patients who survived the first year, 07 did not undergo 24-h Holter. The reason for that was: one moved to another state, one could not be contacted through telephone and 05 gave up performing the test. The 33 24 h Holter tests were performed averaging 401 ± 117 days postsurgery (ranging from 136 to 751 days).
Conventional ECGs of 07 patients who did not undergo 24-h Holter are available. The last ECG of each patient was performed in 278 days postoperatively in average. Six patients are in sinus rhythm and one patient with AF.
The characteristics of the 33 patients who underwent 24 h Holter do not differ significantly from the total group of 47 patients (p = NS). The mean age was 50.1 ± 9.4 years, mean SE was 52.6 ± 9.9 mm, EF, 56.6 ± 12.5% and the reported time of AF was 37.3 (three to 192 months). Twenty-four patients (73%) are in sinus rhythm, 5 patients in AF rhythm (15%), three in right atrial flutter rhythm (9%) and one patient in junctional rhythm (3%). See Table 2 .
Considering the 40 patients surviving one year and all Holter and ECG tests together, 30 patients are in sinus rhythm (75%), 06 patients in AF rhythm (15%), three patients in atrial flutter rhythm (7.5%), and one in junctional rhythm (2.5%) ( Table 2) .
Cardiac rhythm on the day of discharge was available only for 18 out of 43 patients who were discharged. Nine (50%) were in sinus rhythm and 09 with AF rhythm.
The set of ablation lines performed can be evaluated in Figure 3 . The need to implant a permanent pacemaker postoperatively was zero.
Regarding the use of antiarrhythmic drugs, among 33 patients who underwent 24 h Holter, 05 were not using any drugs, 09 were using amiodarone, 09 were using only atenolol, 05 were using amiodarone and atenolol, and 05, no information (Figure 4) . Regarding the use of anticoagulants and/or antiplatelet agent, 08 were not using any of these, 19 were taking warfarin, one was using ASA and for 04 there is no information ( Figure 5 ). Out of the 24 patients in sinus rhythm by 24 h Holter monitoring, three (12.5%) were not using any anti-arrhythmic drug and 09 (37.5%) were not taking any anticoagulant drugs.
Two patients had neurological events in the postoperative period. One of them had complete resolution of neurological deficits after 7 days from the event and another remained with a slight left paresis, which did not compromise walking.
Percutaneous ablation of residual or recurrent arrhythmias was performed in only one patient for treatment of right atrial flutter.
Discussion
The development of the Cox-Maze III 10 surgery is a true example of a scientific method applied to experimental surgery in animals and, later, in humans, resulting in a highly effective option for treating atrial fibrillation. It is effective in maintaining sinus rhythm (90% after 10 years) [11] [12] [13] [14] , maintaining atrial contraction and preventing thromboembolism in the long term (annual incidence of events similar to patients who have never developed AF regardless of the level of anticoagulation used) 3, 15 . On the other hand, the surgical procedure is complex, time-consuming, performed through cutting and suturing, it increases the risk of reoperation due to postoperative bleeding 10 . This is why few surgeons have developed a specific ability to perform it safely and effectively. 
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Based on that, with the development of technology, alternative forms of energy have emerged in order to simplify and shorten the time spent in the procedure, trying to keep the good success rates previously achieved. Moreover, the recent demonstration that, in most patients, the foci of atrial fibrillation come from pulmonary veins 16 and from the posterior wall of the left atrium 17, 18 allowed the surgeon to reduce the number of ablation lines performed. This paper presents the initial experience of the Instituto Nacional de Cardiologia in the surgical treatment of atrial fibrillation in cardiac surgery combined with the use of bipolar radiofrequency forceps performed by a mixed group of 10 surgeons, all of whom in phase of getting acquainted with the method and the technology.
Out of the 40 patients who survived the first year after the surgery, 24 h Holter monitoring was obtained from 33 patients (82.5%). Out of the 6 patients with paroxysmal AF, all of them underwent 24 h Holter and presented sinus rhythm.
Out of the 34 patients with continuous AF (persistent + permanent), we obtained 24 h Holter monitoring from 27 patients (79%). Ouf of these 27 patients, 18 (67%) were in sinus rhythm, one (4%) in junctional rhythm (which is not considered a treatment failure), 05 (19%) in AF and three (11%) in flutter. Therefore, 71% of the patients with persistent persistent/permanent AF are free of AF/flutter after the first year of the surgery, according to 24 h Holter.
The factors for persistence of AF after the ablation surgery are both related to the patient operated [19] [20] [21] [22] and to the set of lesions performed 19 . Risk factors for treatment failure are: age, AF duration, type of AF and LA size. In our series, only the AF duration reported preoperatively proved to be a factor for treatment failure (Table 3) .
We believe that the small number of patients in our experience explains the lack of correlation of the other classical factors. In patients with permanent AF, it has been reported 19 that the left atrial connecting lesions influence the long term outcome in the maintenance of sinus rhythm. The results of ablation with bipolar radiofrequency vary in literature as well as the research method of heart rate in each study. Gillinov et al 19 , in reviewing 513 patients who underwent bipolar radiofrequency ablation and cryothermia through serial electrocardiograms, found a prevalence of sinus rhythm in 06 months of 87% and a total success in therapy in one year of 72%.
In this large series, 27% of patients had intermittent atrial fibrillation, 14% persistent and 56% permanent. The average duration of AF was 24 months and the average size of LA 51 ± 0.9 mm. The main indication for surgery was valve disease. Both the type of patient operated with the results of rhythm in one year are similar to our sample. In 2004, Gaynor et al 8 reported an initial experience with 40 patients whose AF was treated with bipolar RF forceps. Nineteen patients underwent isolated ablation of the arrhythmia and in 21, ablation was concomitant with another procedure which led to the surgery.
In this study, the average age was 62 years and median duration of AF of 3.8 years. Twenty-five patients (62%) had paroxysmal AF. The sinus rhythm index after 06 months was 91%. This group resembles our series, since half of the patients underwent isolated ablation of the arrhythmia and more than half had paroxysmal AF, admittedly a better prognosis than the continuous form.
More recently, Melby et al 20 reported results of 85% of sinus rhythm (via serial ECGs) after one year of follow-up in a series of 130 patients undergoing AF ablation in isolation (30 patients) or concomitant with the main surgery (100 patients). In 2008, Beukema et al 21 reported the follow-up of 285 older patients (mean age 68 years), with longer AF duration (60.9 months in average) and only with permanent AF. They have found 59% of patients with sinus rhythm on ECG in one year and 53.4% in 05 years.
Our results are consistent with the literature that reports success rates in one year ranging from 59% to 85%. In our country, this is the only series of patients undergoing intervention with the use of bipolar radiofrequency. Kalil et al 4 have published their experience with the classical Cox Maze III technique in our country. In a group of 61 patients, with mean age of 49 years, mostly undergoing valve surgery after an average of one year with conventional ECG follow-up in all survivors (51 patients) and 24 h Holter monitoring in 17 patients, sinus rhythm was found in 70.5%, atrial rhythm in 4%, atrial tachycardia in 2% and DDD pacemaker rhythm in 4% The need for permanent pacemaker was 11.4%. More recently, Canale et al 5 prospectively evaluated 07 patients who underwent conventional Cox-Maze, with a mean age of 61 years, 43% with permanent AF and valvular surgery indication in all of them. After 08 months of monitoring with serial ECGs and Holter monitoring in all of them, 100% were free of AF. One patient (14%) required a permanent pacemaker. Therefore, the results of this series are consistent with previous reports of Cox-Maze III in our field.
The surgical approach in our series, with respect to the sets of lesions performed, could be more complete. Figure 3 shows the lesions performed, in which the number of lesions in the posterior wall of LA (27 patients) is smaller than the number of patients with persistent/permanent AF (39 patients). We attribute this to the initial process of learning. Figure 3 also shows the number of closures of the left atrial appendage: there is a discrepancy between the observed (34 patients) and the ideal 23 (47 patients). In some surgeries, there was no need for opening the left atrium (coronary artery bypass grafting, implantation of a valved tube, Ebstein surgery etc.) and the surgeon chose not to add this procedure. The alternative for closing the left atrial appendage without opening the left atrium was the approach with epicardial suturing of the appendage. However, this procedure, as shown by a recent study 24 , has a disputable effectiveness, with high incidence of left atrial appendage remaining open and flowing.
Diagnoses of cerebrovascular accident (CVA) were delivered postoperatively in two patients. One of them had focal neurological signs on day 17 after surgery, back home. It is a 49-year old male patient with an EF of 30%, mitral and tricuspid regurgitation and continuous AF preoperatively. The patient underwent mechanical mitral valve replacement, tricuspid valve surgery, ablation of pulmonary veins and cavotricuspid line and closing of left atrial appendage. The discharge rhythm had been sinus rhythm, but the rhythm on the day of the event was AF. The patient had been taking Warfarin and amiodarone. There were no neurological sequelae and today the patient is in sinus rhythm on 24 h Holter monitoring. The second case was probably not associated with arrhythmia. The patient had a cardiorespiratory arrest (CRA) (duration 10 min) due to hypoxia in the first month after surgery in the ICU and diagnosis of cerebrovascular accident confirmed by CT scan showing scattered hypodense areas, consistent with cerebrovascular accident after cardiorespiratory arrest. Upon discharge, this patient had a mild left-side paresis, which did not interfere with walking. She was referred to physical therapy and motor rehabilitation.
The investigation of the benefits of ablative AF therapies in the prevention of systemic thromboembolism is difficult due to the low annual incidence of the event studied and the need for long-term monitoring. Although the studies by Cox et al 15 and Kalil et al 3 with the Maze III surgery showed an index of cerebrovascular accident in patients treated similar to the general population, regardless of whether or not using anticoagulants and antiarrhythmics, there are no similar investigations with ablations performed with alternative energy forms.
Only one of three patients with right atrial flutter detected by 24 h Holter postoperatively underwent percutaneous ablation (in month 9 postoperatively). The procedure was successful and the patient remained in sinus rhythm confirmed by serial ECGs. Out of these three patients, two received ablation of cavo-tricuspid line (including the patient who subsequently underwent percutaneous ablation of right atrial flutter). McCarthy et al 25 , in applying electrophysiological study in patients with failure of ablative therapy (in a series where various forms of energy were used) showed that, when only the pulmonary veins were isolated, with or without left atrial connecting lines, 75% (6 out of 8) of the failures arise from foci in the right atrium. In the same study, 67% of patients undergoing percutaneous ablation of persistent/ residual arrhythmia, after any ablative surgery, returned to sinus rhythm.
In our series, there was no need to implant a pacemaker in any patient. A review by Khargi al 1 points to the average incidence of a new PM implant in 5% when any alternative form of energy is used, without a significant difference between them. The main reason for pacemaker implantation is not the atrioventricular block, but the appearance of sinus node disease, previously existing, but hidden by the AF.
The treatment of atrial fibrillation concomitant with cardiac surgery using tissue ablation device with bipolar radiofrequency results in the absence of supraventricular arrhythmia in 76% of patients after one year.
